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1. $c_{1}^{2}=2\chi-1$ –
–
, $c_{1}^{2}=2\chi-1$ Noether ,
$\chi=1$ Godeaux ( $c_{1}^{2}=1$









, $p_{g}=0$ – , Catanese-
Debarre [3], Ciliberto-Mendes Lopes [4], Bartalesi-Catanese [2] ,
$c_{1}^{2}=2\chi-2$
4. [6] $\chi\geq 3$ Picard Tor8(X) (
) 2 1
$\mathrm{P}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{r}\mathrm{d}$ Tors(X) $\mathrm{P}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{r}\mathrm{d}$
Tors(X) $\mathbb{Z}/2\text{ }*\text{ }n\mathrm{F}\mathrm{h}_{\lrcorner}^{\backslash }\text{ }$ $\prod\overline{\mathrm{o}}$ 1 [6]
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1 $f$ : $\mathrm{Y}arrow\Sigma_{d}$ $B$ 2 $\mathbb{Z}/2$ $\mathrm{Y}$
– Hirzebruch $\Sigma_{d}$ $\Sigma_{d}$
$\{U_{1}, U_{2}\}$ $U_{1}=\mathbb{C}\mathrm{x}\mathrm{P}^{1}=\{(u, (1:s))\},$ $U_{2}=\mathbb{C}\mathrm{x}\mathrm{P}^{1}=\{(v, (1:t))\}$ ,
$s=1/t,$ $u=t^{d}v$ $\Sigma_{d}$
$\iota_{0}$ : $(u, s)arrow(-u, -s)$
, $\iota_{0}$ , 2 $G=\langle\iota_{0}\rangle\simeq \mathbb{Z}/2$
$\Sigma_{d}$ $d=0,2$ ,
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$\{(u, s)=(0,0), (0, \infty), (\infty, 0), (\infty, \infty)\}$
, $[3,3]$-
$S$ $C$ ,
$C$ 3 $P$ , $P$ blow up $S’arrow S$ C’
negligible singularities \llcorner , $[3, 3]$-
– 2
3 , general $[3, 3]$-
$f$ : $Yarrow\Sigma_{d}$ $B$
:
$i)B\in|-4K_{B_{d}}|$ , $K_{\Sigma_{d}}$ $\Sigma_{d}$ ,
$ii)B$ $[3, 3]$- ,
negligible singularities,















2 , 1 $\chi\geq 4$ \acute 2 Tors $(X)\simeq \mathbb{Z}/2$
, $\chi=4$ $\chi=4$ $X$
$\chi=\lambda\geq 4$ Tors $(X)\simeq \mathbb{Z}/2$
Miyaoka, Reid Godeaux
([5], [8]) 2 $\pi$ : $\mathrm{Y}arrow X$
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$\mathrm{Y}$ $Y$ Horikawa ,
Galois $G=\mathrm{G}\mathrm{a}1(\mathrm{Y}/X)\simeq \mathbb{Z}/2$ $\mathrm{Y}$
$\Phi_{K_{\mathrm{Y}}}$ : $\mathrm{Y}--arrow \mathbb{P}^{\lambda-2}$
$K_{\mathrm{Y}}$ $\mathrm{Y}$
1. $\deg\Phi_{K_{Y}}=1$ or $2_{\text{ }}$
2. $\deg\Phi_{K_{\mathrm{Y}}}=1$ $\lambda=4$ $\deg\Phi_{K_{\mathrm{Y}}}=2$ $2\lambda-3\leq$







3 $\mathrm{Y}arrow \mathrm{P}^{1}$ Galois
$G$ $Y$ ,











$\deg\Phi_{K_{Y}}=2$ 2 $\deg Z=2\lambda-3$ ,
$\deg Z=2\lambda-2$ , degZ=2\mbox{\boldmath $\lambda$}--1 ,
$\deg Z=2\lambda-3$ $Z$ non-degenerate surface in
$\mathrm{P}^{2\lambda-2}$
$\deg Z=2\lambda-3$
$\deg Z=2\lambda-1$ , $\deg Z=2\lambda-2$ $\lambda=4$
$\deg Z=2\lambda-2$
, – $Z$ $\deg Z=2\lambda-1$
$\deg Z=2\lambda-1$ $|K_{\mathrm{Y}}|$ base point
free $\Phi_{K_{\mathrm{Y}}}$ Step
1. $Z=\Phi_{K_{\mathrm{Y}}}(Y)\subset \mathrm{P}^{2\lambda-2}$ $Z’arrow Z$ , Step 2.
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$\Phi_{K_{\mathrm{Y}}}$ : $\mathrm{Y}arrow \mathrm{P}^{2\lambda-2}$ $f$ : $Yarrow Z’$ , Step 3.
$G$ $f$ : $Yarrow Z’$ .
,
Step 1 , 2
partial claesification
1. $n\geq 4$ , $Z$ ? $n+1$ non-degenerate
$Z$ $Z’$ $0$ ,
$Z’arrow Z\subset \mathbb{P}$ $|D|$ $n$ 11
$0\leq e\leq 3$ $e$ Hirzebruch $\Sigma_{e}$ ll-n blow uP
$r$ : $Z’arrow\Sigma_{\mathrm{e}}$ $D\sim-K_{Z’}+$ $r’ F$ $\Gamma$ Hirzebruch
$\Sigma_{e}arrow \mathrm{P}^{1}$
$n=2\lambda-2$ $\mathrm{Y}$ $0$ ,
$Z$ $\Phi_{K_{Y}}$ : $Yarrow$ ,
$Z’arrow Z$ $11-n$ blow up $r:Z’arrow\Sigma_{\epsilon}$
$\Phi_{D}$ : $Z’arrow \mathbb{P}$ ( $D\sim-K_{Z^{l}}+r^{*}\Gamma$ )
Step 2
3. $\Phi_{K_{Y}}$ : $\mathrm{Y}arrow Z$ $Z$ $\Phi_{D}$ : $Z’arrow Z$




$\Phi_{D^{-1}}\circ\Phi_{K_{Y}}$ : $Y–arrow Z’$
blow up $p:\mathrm{Y}’arrow \mathrm{Y}$ ,
$K_{\mathrm{Y}’}\sim p^{*}K_{\mathrm{Y}}+\eta$
$\eta$ $f_{*}’\eta=0$
$p$ , $P$ blow up
(-l)-curve $f’$ $f_{*}’\eta=0$
$f’$ : $\mathrm{Y}’arrow Z’$ $B’$ , $B’$ double cover of








$|r^{*}\Gamma|$ base point free $(r^{*}\Gamma)(f_{*}’\eta)/4\leq 0$,- $\Phi_{D}$ $f’$
$\eta$ $Df_{*}’\eta=0$ $+(f_{*}’\eta)^{2}/8\leq 0$ , $\epsilon$ $B’$
$-\epsilon\leq 0_{0}$ (1) $(f_{*}’\eta)^{2}=0_{0}$ $Df_{*}’\eta=0$
Hodge’s index theorem $f_{*}’\eta=0$
Step 3 Step 2
4. $f$ : $Yarrow Z’$ $B$ , $B\sim 2(2D-r^{*}\Gamma)$ ,
$B$ negligible singularities
Galois $G\simeq \mathbb{Z}/2$ $\mathrm{Y}$ $Z’$ . $B$
$Z’$
$\deg Z=2\lambda-1$ $G$
$x\in B\subset Z’$ 4 $f$ $f^{-1}(x)$
,
$f^{-1}(x)$ $G$ $\mathrm{Y}$ , $f^{-1}(x)$ $G$
$Yarrow X$ Galois
$\deg Z=2\lambda-1$
$\lambda=4$ $r:Z’arrow\Sigma_{e}$ 5 blow uP
1 blow uP $11-n$ infinitely near
, 5 configuration $B$
$G$ $Z’$ $CB\neq 0$ 1 $C$
blow uP configuration , $B$
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